Background: Using various methods, we analyzed the cause of death among weaned pigs from a pig farm in Hebei Province, China. All 300 piglets (100% fatality) were identified as moribund, with death occurring within 1 month from the onset of clinical signs. Results: A single case exhibited obvious hemorrhagic necrotic changes with massive lymphocytic infiltration in multiple organs, in particular the liver, lungs and intestines. Dysplasia and lymphocyte deterioration were common in lymphatic organs. No visible bacterial colonies from liver and spleen were observed in nutrient, MacConkey, and blood agar plates. Using polymerase chain reaction techniques for this case, we attempted to detect a number of epidemic swine viruses in spleen and liver, including PRRSV, CSF, HEV, and PCV2. We found that this sample was positive for the presence of HEV and PRRSV. Conclusions: We have detected HEV and PRRSV co-infection in one piglet. Severe pathologic changes were observed. The high mortality of weaned pigs which showed the similar clinical syptom was possibly a result of HEV and PRRSV co-infection, which has rarely been reported previously. We speculated that co-infection with PRRSV and HEV might lead to more serious problems.
Background
Over recent years, pig-related meat production in China has been subject to contamination with epidemic diseases. Infection with various pathogens has resulted in high morbidities and mortalities among pig farms. PRRS is the primary disease resulting in high mortalities and massive economic losses. HE is another epidemic disease that has been identified in pig farms. It is a zoonotic and foodbornetransmitted disease with a range of animal reservoirs other than humans.
Swine herds exhibiting reproductive failure and respiratory disease caused by PRRS were first identified in the mid-west of the USA from 1987-1988. The disease then rapidly spread throughout swine-growing regions of the USA and Europe, followed by the rest of the world [1] . In China, PRRS was first identified in an intensive pig farm in northern China at the end of 1995 [2] . In the subsequent 10 years, PRRS became prevalent among Chinese pigs [3] , with an average seropositive rate of 11-39%. In China, PRRS is characterized by respiratory disorders and reproductive failure, such as dead or mummified fetuses, irregular abortions in sows and stillborn or weak-born pigs. The occurrence of PRRS mixed infection with other diseases such as CSF and PCV2 is now common and serious in China [4] . The etiological agent of PRRS is porcine reproductive and respiratory syndrome virus (PRRSV).
HE is usually an acute, self-limiting disease caused by hepatitis E virus (HEV). HEV is non-enveloped, with a positive-sense, single-stranded RNA genome of approximately 7.2 kb, and is transmitted via the fecal-oral route [5, 6] . There are at least four genotypes of HEV, with genotypes 3 and 4 known to infect animals, and thought to be zoonotically transmitted. Balayan et al. were the first to report the experimental infection of domestic swine with an Asian strain of human HEV in 1990 [7] . Meng et al. then discovered a novel virus in naturally infected pigs that resembled a strain of human HEV; this was designated swine HEV [8] . HE is prevalent throughout China, with both genotypes 3 and 4 found in humans and swine. Genotype 4 is the primary swine genotype found throughout most of China [9] .
Infection of pigs with multiple diseases is common, however co-infections involving PRRSV and HEV have rarely been reported. The objective of our study was to analyze the cause of death in a large number of weaned piglets from China, and provide a new perspective for clinical research.
Case presentation
From February to March 2011, an outbreak of an unknown disease occurred at a medium scale pig farm with 300 piglets in Hebei province, China. The affected animals were weaned piglets that were around 40 days old. Animals presented with symptoms of anorexia, asthma, high fever (about 41°C) and significant neurological symptoms. The disease was characterized by acute onset and short duration. During the initial stages of the disease, pigs failed to respond to antibiotic treatment. During one month, all 300 sick piglets were dead and the fatality rate was 100%. Immunization with a PRRSV vaccine had been conducted at this farm prior to the disease outbreak.
A single dead piglet was examined and necropsied. No obvious hemorrhaging was observed on the surface of the piglet corpse. The right ventricle was dilated, and the myocardium was pale and flabby. Congestion, hemorrhage and necrosis could be seen in large local areas of the lung, and a small volume of a white foam-like murky liquid was present inside the trachea. The kidney was pale and visible hemorrhaging was observed between the cortex and medulla on the sagittal surface. The liver was enlarged, and color on the surface was light to dark. Spleen and mesenteric lymph nodes were slightly swollen. Small local hemorrhagic ulcers were seen on the gastric mucosa, along with mesenteric vascular engorgement. The intestinal mucosa was hyperemic and appeared to be flushed.
Pathological changes in various tissues were determined by microscopy. In the heart, the myocardial interstitium broadened with mild edema. The myocardium was generally granular, degenerated, disarrayed or dissolved ( Figure 1a ). A small number of lymphocytes had infiltrated among the myocytes. For the lung, different pulmonary lobules presented different degrees of pathological changes. In some pulmonary lobules, alveoli were abundantly filled with cells, erythrocytes and exudates, and the normal histological structure of the lung was severely compromised. Exfoliated alveolar epithelium cells were accumulated inside the bronchioles (Figure 1b ); in some pulmonary lobules, extensive hemorrhaging was observed in the alveoli and interstitium ( Figure 1c ). In other areas, the alveolar walls were thickened, with substantial lymphocyte infiltration. Infiltration by numerous inflammatory cells and pink liquid exudates in the interlobular arteries were commonly seen. In the kidney, some of the cortical glomeruli were necrotic and contained erythrocytes. Large numbers of tubular epithelial cells were vacuolated, exfoliated and necrotic, especially at the edge of cortex (Figure 1d ). A protein cast could be seen in some renal tubules (Figure 1e ). In the renal junction area between the cortex and medulla, congestion and hemorrhaging was obvious (Figure 1f ). Examination of the liver revealed congestion, hemorrhaging, lymphocyte infiltration and an accumulation of randomly distributed lymphocytes. There was hepatic necrosis and vacuolization in large local areas (Figure 1g, 1h) . Fibrosis was apparent around the portal area, with proliferation of small bile ducts, and lymphocyte infiltration also observed (Figure 1i ). Within the spleen the number of lymphocytes was decreased in the white pulp area around the central artery. The lymphoid follicles were smaller than average and subject to dysplasia (Figure 1j ). The capillaries of lymph nodes were dilated and congested, and expansion of lymphatic sinuses was obvious (Figure 1k ). Examination of the intestine revealed coagulation, necrosis, desquamation, and abruption of intestinal villi in some areas. Necrosis of intestinal epithelial cells was observed, as well as exposure of the lamina propria, with dense lymphocyte infiltration beyond the layer of the muscularis mucosa. There was an increase in the levels of secretion from intestinal glands (Figure 1l, 1m ). We noticed that hyperplasia of gliacytes, demyelination and perivascular cuffs were visible in the PCV2.A4 CCGCACCTTCGGATATACTGTC cerebrum. At the molecular layer of the cerebellum, liquefaction necrosis was evident (Figure 1n, 1o ). Using nutrient, MacConkey, and blood agar plates, there were no visible bacterial colonies. Antibiotic therapy did not affect morbidity or mortality rates. We used polymerase chain reaction (PCR) techniques to determine the presence of viruses (Table 1) . We detected the presence of PRRSV, HEV, CSFV, and PCV2. PRRSV and HEV were detected in liver tissues, while liver and lung tissues were negative for CSFV and PCV2 (Figure 2) [10] . The Hebeico1 PRRSV isolate was a North American genotype, and was closely related to the HUB1, HUB2, JXA1, HUN4, GD (Figure 3) . The Hebeico2 HEV isolate belonged to genotype 4 ( Figure 4 ).
Discussion
Tian et al. first reported an outbreak of highly pathogenic PRRS in China in 2006. This highly pathogenic PRRS differed from typical PRRSV, which is prevalent in the majority of China, causing high mortalities (>400,000 fatal cases). Clinical symptoms were characterized by high fever, petechiae, and erythematous blanching rash [13] . In this study, the clinical and pathological changes were consistent and similar with typical PRRS. However, some pathological damage resembled that seen for PRRS. Hemorrhaging, necrosis and lymphocyte infiltration was seen in different organs, but especially in the lungs and immune organs. Typical pathological changes such as interstitial hemorrhagic pneumonitis and depletion of splenic lymphocytes were obvious [7, 13] . PRRSV comprises eight open reading frames (ORFs), with ORFs 5, 3 and 7 the most variable [14, 15] . PCR results for the detection of ORF7 revealed that PRRSV was present in the liver. The Hebeico1 isolate ( Figure 3 ) was a North American genotype that was closely related to the highly pathogenic isolates HUB1, HUB2, JXA1, HUN4, and GD. Genetic analysis and associated pathological changes indicated that our isolate likely had high pathogenicity.
For our isolate, unique symptoms were evident; there were no petechiae upon the surface of the body and the liver was severely injured. HEV is known to infect humans and pigs [8] , and has four genotypes. Genotypes 1 and 2 have only been found in humans, while genotypes 3 and 4 have been recovered from both humans and pigs [16] . In the livers of pigs naturally infected or intravenously inoculated with HEV, focal lymphocyte infiltration and swollen, vacuolated hepatocytes were observed [8, 17] . In our cases, we observed hepatic necrosis and vacuolization in large local areas. Fibrosis and lymphocyte infiltration were mainly observed around the portal area. We suspected HEV infection, and a PCR assay targeting HEV ORF2 showed that HEV was present in the liver. The Hebeico2 isolate belonged to genotype 4 (Figure 4 ), one of the most common genotypes in China [9] .
We also detected other pathogens. The sick piglets failed to respond to antibiotic treatment, and no visible bacterial colonies were observed by bacterial isolation and identification. The results indicated low possibility of bacterial infection. Another two kinds of viruses PCV2 and CSFV were selected for the similar symptoms they showed and their inclination of co-infection. However, both of them failed to be detected by PCR.
We used gerbils as animal models to determine if infection with the two viruses resulted in similar symptoms. We detected HEV in the livers of gerbils, using PCR, from 7 days post-infection ( Figure 5 ), but failed to detect PRRSV. A positive signal for the HEV antigen was also be detected in the livers of gerbils using immunohistochemistry techniques ( Figure 6 ).
Compulsory vaccination against PRRSV has been conducted in China since 2007, with the spread of PRRS being effectively, but not completely, controlled. Infectivity of HEV was very high, however accurate mortality rates remain unclear, and experimental infection with HEV did not result in death [7] . Co-infection with PRRSV and HEV was evident in our study, with all sick pigs displaying similar symptoms before dying; mortality approached 100%. We speculated that co-infection with PRRSV and HEV might lead to more serious problems.
Conclusions
We have detected HEV and PRRSV co-infection in one weaned pig. Severe pathologic changes in this piglet and high mortality in the pigfarm indicated that HEV and PRRSV co-infection might result in serious consequences. However, whether the two viruses can interact, and the role of HEV during a PRRS infection, remains to be elucidated. Further studies are required to better understand the linked pathogenesis between HEV and PRRSV.
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